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(54) A method and a device for quantifying a substrate in a sample liquid using a biosensor 

(57) A method and a device for quantifying a sub- 
strate in a sample liquid by use of a biosensor are pro- 
vided. The: biosensor can quantify the substrate by 
electrochemically measuring an amount of an electron 
acceptor that has been reduced by electrons generated 
in a reaction between the substrate in the sample liquid 
and an oxidoreductase. The biosensor includes; an 
electrically insulating substrate: an electrode system 
formed on the substrate including a working electrode, a 
counter electrode, and a third electrode used for detect- 
ing a liquid junction; and a reaction layer that is formed 
over at least the working electrode and the counter elec- 
trode of the; electrode system and includes the oxidore- 
ductase. The method includes the steps of: applying a 
voltage between the counter electrode and the third 
electrode; supplying the sample liquid to the reaction 
layer; detecting an electrical change between the coun- 
ter electrode and the third electrode generated by the 
supply of the sample liquid to the reaction layer; apply- 
ing a voltage to the working electrode after the detection 
using at least the third electrode as a reference; and 
measuring a current generated between the working 
electrode and the counter electrode. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention; - . 

The present invention relates to a method and a 
device for quantifying a substrate by using a biosensor 
that can easily quantify a substrate (a specific compo- 
nent) in a sample liquid with speed and accuracy. More 
particularly, the invention relates, to a method and a 
device for quantifying a substrate by using a biosensor 
that can quantify a substrate in a sample liquid by elec- 
trochemically measuring the amount of an electron 
acceptor that has been reduced with an electron gener- 
ated in a reaction between the substrate in the sample 
liquid and an oxidoreductase that specifically reacts 
with the substrata 



2. Description of the Related Art: 

The optical rotation method,; the colorimetric 
method, the reductimetry method and other methods 
using different kinds of chromatographies have been 
developed as methods for quantitative analysis of sac- 
charides such as sucrose and glucose. However, none 
of these methods can provide high accuracy due to the 
relatively low specificity against saccharides. Among 
these methods, the optical rotation method is easy to 
operate but is largely influenced by the operating tem- 
perature. Therefore, it is not appropriate for common 
use at home and the like. 

Various types of biosensors utilizing a specific 
catalysis of an enzyme have been recently developed. 
As an example of methods for quantifying a substrate in 
a sample liquid, a method for quantifying glucose will 
now be described: For electrochemically quantifying 
glucose, a method using glucose oxidase (ECT. 1.3.4; 
hereinafter referred to- as GOD) and an oxygen elec- 
trode or a hydrogen peroxide electrode is generally 
known (for example. "Biosensor" edited by Shuichi 
Suzuki, Kodansha Kabushiki Kaisha). 

GOD selectively oxidizes prD-glucose* into D-glu- 
cono-6-lactone by using oxygen as an electron accep- 
tor. In an oxidation reaction using GOD in the presence 
of oxygen, oxygen is reduced to hydrogen peroxide. In 
the aforementioned method, the amount of reduced 
oxygen is measured by using an oxygen electrode, or 
the amount of increased hydrogen peroxide is meas- 
ured by using a hydrogen peroxide electrode. Since the 
amounts of the reduced oxygen: and the increased 
hydrogen peroxide -are in proportion to the content of 
glucose in the sample liquid, glucose can be quantified 
based on the amount of the reduced oxygen or the - 
increased hydrogen peroxide. 

The above-mentioned method, however, has a 
problem in that the m asurement result is largely 
affected by. the concentration of oxygen in the sample 
liquid, as can be presumed from the reaction process. 



Furthermore, when no oxygen is contained in the sam- 
ple liquid, the above-mentioned method cannot be 
adopted. 

In order to solve this problem, a new type of glucose 
5 sensor has been developed, in which an organic com- 
pound such as potassium ferricyanide. a ferrocene 
derivative and a quinone derivative or a metal complex 
is used as an electron acceptor instead of oxygen. In 
this type of sensor, the reduced form of an electron 
io acceptor resulting from the enzymatic reaction is oxi- 
dized on an electrode, and the concentration of glucose 
contained in a sample liquid is obtained based on the 
amount of the measured oxidation current. By using an 
organic compound or a metal complex as an electron 
is acceptor instead of oxygen, it is possible to hold a 
known amount of GOD and its electron acceptor on an 
electrode stably and accurately, so as to form a reaction 
layer. In this case, the reaction layer can be integrated 
with the electrode in a substantially dry state. Therefore, 
■so a disposable glucose sensor based on this technique 7 
has recently come to public notice. In this disposable 
glucose sensor; the concentration of glucose in a sam- 
ple liquid can be easily measured with a measuring 
device merely by introducing the sample liquid into the 
25 sensor removably connected to the measuring device. : 
Such a method can be applied not only to the quantifi- 
cation of glucose but also to the quantification of any 
other substrate contained in a sample liquid. 

Japanese Uid-Open Patent Publication No. 6- 
30 109688 discloses a biosensor as shown in Figure 9. 
The biosensor includes a substrate 40, a cover 47, and 
a spacer 46 sandwiched between the substrate 40 and 
the cover 47. A sample supply port 48 is formed in the 
spacer 46. and an air port 49 is formed in the cover 47. 
35 When the cover 47 is placed over the substrate 40 with 
the spacer 46 therebetween so as to be adhered to one 
another; a space 50 which is open to the sample supply 
port 48 is defined by the substrate 40, the spacer 46, 
and the cover 47. The other end of the space 50 com- 
40 municates with the air port 49. 

On the substrate 40 are formed a working electrode 
41 , a counter electrode 42, an electrode 43 for detecting 
a liquid junction, and leads 41a, 42a. and 43a con- 
nected to these electrodes, respectively. A reaction 
45 layer 51 is formed over the working electrode 41, the 
counter electrode 42, and the electrode 43 fbr detecting 
a liquid junction. The reference numeral 52 in Figure 9 
denotes an insulating layer. ' 

The etectrode 43 for detecting a liquid junction is 1 
so formed at a position farther from the sample supply port : 
48 than the working electrode 41 and the counter elec- : 
trode 42, so that a sample liquid supplied through the 
sample supply port 48 can first reach the working elec- : 
trode 41 and the counter electrode 42 before reaching " 
55 the electrode 43. 1 : - 

According to the above cbnventionaf bibsenser, the 
fact that a sample liquid supplied through the ^ampl6 ' y f 
supply port 48 has reached the readtion: layer Si can i b£ : : 
detected by the electrode 43. Once the electrode : 43 ? 
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detects this fact, a voltage is applied between the work- 
ing electrode 41 and the counter electrode 42 so as to 
obtain a current response. Thus, a current flowing 
between the working electrode 41 and the counter elec- 
trode 42 is measured, and the quantification is con- 5 
ducted based on the measurement result. However, 
when an voltage is applied between the working elec- 
trode 41 and the counter, electrode 42 to obtain a cur- 
rent response as described above, the potential of the 
counter electrode 42 used as a reference may be varied 10 
by the oxidation-reduction reaction in some cases, 
causing errors and deviation in the measurement result 
on the amount of the substrate in the sample liquid. . 

SUMMARY OF THE INVENTION . ; f : 75 

The method for quantifying a substrate in a sample 
liquid of this example uses a biosensor. The biosensor 
can quantify .the substrates by electrochemically rneasur- 1 
ing an amount of, an electron acceptor, that has been 20 
reduced by electrons generated in a . reaction between 
the substrate, in the sample liquid and an oxidoreduct- 
ase, the biosensor comprising: an electrically insulating 
substrate; an electrode system formed on the substrate 
including a working electrode, a counter electrode, and 25 
a third electrode used for detecting a liquid junction; and 
a reaction layer that is formed over at least the working 
electrode and the counter electrode; of the electrode 
system and includes the oxidoreductase. The method 
comprises the steps of: applying a voltage between the 30 
counter electrode and the third electrode; supplying the 
sample liquid to the reaction layer; detecting an electri- 
cal change between the counter electrode and the third 
electrode generated by the supply of the sample liquid 
to the reaction layer; applying a voltage to the working 35 
electrode after the detection using at least the third elec- . ■ 
trode as a reference; and measuring a current gener- . 
ated between- the working electrode and the counter 
electrode. -. •. * ■* 

. In. another aspect of the present invention, a device 40 
for quantifying a substrate in a sample liquid is provided. . 
The device comprises a . biosensor and a, measuring ■,■ 
device removably connected to the biosensor. The bio> 
sensor can quantify the substrate by electrochemically 
measuring an. amount of an electron acceptor that has 45 
been reduced by. electrons generated in a reaction t , 
between the substrate in the sample liquid and an oxi- 
doreductase, the biosensor comprising:, an electrically 
insulating substrate; an electrode system formed on the 
substrate, including a working electrode, a counter elec- so 
trode and. a third electrode used for detecting a liquid . 
junction ;;and a reaction layer that is formed over at least 
the.worteng electrode and the^ counter electrode of the . * 
electrode system and includes the oxidoreductase. The ; 
device . cornprises: means for .detecting an electrical 55 
change between, me. counter electrode and the third. .. 
electrode generated by the supply of the sample liquid ■ ; 
to the reaction layer; means for applying a voltage to the 
working electrode after the detection using at least the 
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third electrode as a reference; and means for measur- 
ing a current flowing between the working electrode and 
the counter electrode. 

On one embodiment, the step of applying a voltage 
to the working electrode comprises a step of applying a 
voltage between the working electrode and the counter 
electrode and the third electrode. 

In another embodiment, the counter electrode 
includes a main electrode portion formed in substan- 
tially a C-shape in a plane view and an opening formed 
in the main electrode portion, the working electrode is 
disposed inside of the counter electrode so as to be 
electrically insulated from each other, and a lead con- 
nected to the working electrode is led from the inside to 
the outside of the counter electrode through the open- 
ing. ... 

In still another embodiment, a peripheral portion of 
the counter electrode is opened to provide an electrode 
receiving portion, and the third electrode is disposed 
within the electrode receiving portion. 

In still another embodiment, the third electrode is 
disposed farther from a sample supply port than the 
working electrode and the counter electrode, so that a 
sample liquid supplied through the sample supply porr 
reaches the third electrode after reaching the working 
electrode and the counter electrode. 

In still another embodiment, the third electrode is 
disposed nearer to a sample supply port than the work- 
. ing electrode, so that a sample liquid supplied through 
the sample supply port reaches the third electrode 
before reaching the working electrode and the counter 
electrode. 

In still another embodiment, the counter electrode 
includes a main electrode portion formed in substan- 
tially a C-shape in a plane view and an opening formed 
in the main electrode portion, the working electrode is 
disposed 1 inside of the counter electrode so as to be 
electrically insulated from each other, a lead connected 
. to the worlong electrode is led from the inside to the out- 
side of the counter electrode through the opening, and 
the third electrode is disposed between the counter 
electrode and the working electrode so as to be electri- 
cally insulated from one another. 

. Thus, the invention described herein makes possi- 
ble the advantages of (1) providing a method and a 
device for quantifying a substrate in which a third elec- 
trode is used as a reference for the simple, rapid and 
accurate quantification of a specific substrate in a sam- 
ple: liquid, so as to decrease errors and deviation in the 
measurement result on the amount of the substrate in 
the^ sample liquid; and (2) providing a method and a 
device for quantifying a substrate by use of a biosensor 
having a comparatively simple structure and the above- - 
described characteristics. 1 1 

These and other advantages of the present inven- 
tion will become apparent to those skilled in the art upon 
reading, and understanding-: the. following detailed"* 
description with reference to the aax>mpanying figured 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an exemplified circuit diagram for the 
biosensor used in this invention and a measuring device 
connected thereto. 5 

Figure 2 is another exemplified circuit diagram for 
the biosensor used in this invention and a measuring 
device connected thereto. 

Figure 3 is an exploded perspective view of a glu- 
cose sensor as an example of a biosensor used in this w 
invention from which a reaction layer is removed. 

Figure 4 is a plane view of a substrate having an 
electrode system used in a glucose sensor shown in 
Figure 3. 

Figure 5 is a circuit diagram for the biosensor of Fig- 75 
ure 3 and £ measuring device connected thereto. 

Figure 6 is a plane view of a substrate having an 
electrode system used in a glucose sensor as still 
another example of the biosensor used in this invention. 

Figure 7 is a plane view of a substrate having an 20 
electrode system used in a glucose sensor as still 
another example of the biosensor used in this invention. 

Figure 8 is a plane view of a substrate having an ' 
electrode system used in a glucose sensor as still 
another example of the biosensor used in this invention. 25 

Figure 9 is an exploded perspective view of a con- 
ventional biosensor. 

DESCRIPTIO N OF THE PR EFERRED EMBODI- 



A biosensor used in this invention includes an elec- 
trically insulating substrate, an electrode system that is * 
formed on the substrate and includes a working elec- 
trode, a counter electrode and a third electrode, and a 35 
reaction layer formed over the working electrode and 
the -counter electrode of the electrode system.- The 
working electrode, the counter electrode and the third 
electrode of the electrode system are preferably formed 
on the same plane on the substrate. * - ' ■ 40 

The electrically insulating substrate can be ; formed 
from a plate made of a synthetic resin such as polyeth- 
ylene terephthalate or any other suitable resin known in 
the art. ^ i 

The electrode system includinjg the working elec- 45 
trode, the counter electrode corresponding to the work- 
ing electrode and the third electrode can be formed on 
the substrate by a known method. For example, after 
forming leads on the substrate, the working electrode, 
the counter electrode and the third electrode are formed so 
so as to be connected to the respective leads and be 
insulated from one another. The material for the leads ; 
and the electrodes can be of any known conductive - 
materials such as silver paste and carbon paste. Fur- P 
thermbre, a silver/silver chloride electrode can be used: 55 

The shapes and the pdsitipns of the respective 
electrodes erf the electrode system can be variously 
modified: Forexa^ c^ n be in " 

the 'shape of a ring or be : substantially a C-shape in a ' 



plane view. The working electrode can be positioned in 
a space within the ring-shaped or C-shaped counter 
electrode so as to be electrically insulated therefrom. By 
providing the working electrode inside of the counter 
electrode, these electrodes can be positioned adjacent 
to each other. In this case, the reaction layer covering 
the working electrode and the counter electrode can be 
easily formed. 

When the counter electrode is formed so as to have 
a substantially C-shaped main electrode portion and an 
opening formed in the main electrode portion, a lead 
connected to the working electrode positioned inside of 
the main electrode portion is led from the inside to the 
outside of the matin electrode portion through the open- 
ing. : ' •••• • • * - • • • • 

In a peripheral portion of the counter electrode can 
be formed an electrode receiving portion for the third 
electrode. The shapes of the electrode receiving portion 
and the third electrode can be variously modified 
according to the required application. Furthermore. th6 
position of the electrode' receiving portion in the counter 
electrode can be varied depending lipon the application 
of the biosensor. 

For example, the third electrode can be positioned 
farther from a sample supply port of the biosensor than ; 
the working electrode and the counter electrode, so that 
a sample liquid supplied through the sample supply port 
can reach the third electrode after reaching the working 
electrode and the counter electrode. Alternatively, the 
third electrode can be positioned nearer to the sample 
supply port than the working electrode, so that a sample 
liquid supplied through the sample supply port can 
reach the third electrode before reaching the working 
electrode and the counter electrode. 

When the third electrode is positioned farther from 
the sample supply port than the working electrode and 
the counter electrode; the change of a resistance value 
between the counter electrode and me third "electrode 
cannot be detected until a space : indudih^i all of the 
thre^ electrodes is filled with a sample liquid. Accord- 
ingly, by utilizing such a third electrode for detecting a 
liquid junction, it can be definitely de^termined whether 
or not a sample liquid supplied through the samples siip- : 
ply port has covered the entire reaction layer. 

To the contrary, when the third el.ecfrode ' is posi- 
tioned nearer to the sample supply port ItharS the work- 
ing electrode and the cbunter electrode, the' third 
electrode is soaked with the supplied sample liquid with- 
out fail. Accordingly, by utilizing suc^ a third el^ode' 
as a reference electrode, a reference potential can be 
more stabilized, resulting in attaining a measurement 
having less deviation. * 7 ; ' : 

_ The third electrode can also be positioned between : 
the cbunter electrode arid the working electrode so as to 
be electrically insulated therefrom. / \ " . " t 

The reaction layer can be formed oySr'the'^^h^"' 
electrode and the counter electrode of the elec^e ^ 
system. Alternatively; the reaction layer' c£n be term^J \ 



4 



BNSOOCJD: <EP 0732406A1 J_> 



7 EP0 732 

over not only the working electrode and the counter 
electrode but also the third electrode. 

The reaction layer can be formed with one layer or 
two layers including at least an enzyme (oxidoreduct- 
ase). and more preferably further including an electron s 
acceptor. When the reaction layer is formed with two 
layers, the two layers can be a first layer made of a 
hydrophilic polymer formed directly on the electrode 
system, and a second layer including at least an 
enzyme and an electron acceptor laminated on the first 10 
layer. 

Examples of the hydrophilic polymer forming the 
first hydrophilic polymer layer include carboxy methyl 
cellulose (hereinafter referred to as CMC), hydroxyethyl 
cellulose (hereinafter referred to as . HEC), . hydroxypro- is 
pyl cellulose (hereinafter referred to as HPC), methyl 
cellulose, ethyl cellulose, ethyl hydroxyethyl cellulose, 
carboxym ethyl ethyl cellulose, polyvinyl pyrrolidone, pol- 
yvinyl alcohol, polyamino acids such, as polylysine, pql-. , 
ystyrene sulfonate, gelatin or its derivative, acrylic acid 20 
or its salt, methacrylic acid or its salt, starch or its deriv- 
ative, and maleic anhydride or its salt. Among the 
above, CMC. HEC, HPC. methyl cellulose, ethyl cellu- 
lose,, ethyl . hydroxyethyl cellulose and carboxymethyl 
ethyl cellulose are preferred. 25 

The kind of oxidoreductase contained in the reac- 
tion layer depends upon a substrate contained in a sam- 
ple liquid to be quantified and is hot herein specifically 
defined. Exarnples of the oxidoreductase include fruc- 
tose dehyrogenase. invertase, mutarotase. glucose oxi- 30 
dase, alcohol oxidase, lactic acid oxidase, cholesterol 
oxidase, xanthine oxidase and amino acid oxidase. 

Examples of the electron acceptor include potas- 
sium ferricyanide. p-benzoquinone, phenazine metho- 
sulfate, . methylene blue and a ferrocene derivative. One . 35 
or a combination of two or more of the above can be. , 
used as the electron acceptor. . 

.the enzyme and the electron acceptor can be dis- 
solved in a sample liquid, or the reaction layer is immo- ; 
bilized on the substrate or the like so as not to allow the 40 
enzyme and the electron acceptor to dissolve in a sam- 
ple liquid! When the enzyme and the electron acceptor . 
are immobilized, the reaction layer preferably includes . 
the hydrophilic polymer. 

Trie reaction .layer can further include a pH buffer .45 
such as potassium dihydrogenphosphate - dipotassium 
hydrogenphosphate. potassium dihydrogenphosphate - 
disodium hydrogenphosphate. sodium dihydrogenphos- 
phate - dipotassium hydrogenphosphate, sodium dihy- 
drc^eriphosphate - disodium hydrogenphosphate, citric so 
acid - disodium hydrogenphosphate. citric acid - dipo- 
tassiumjr^drogenphosphatfs.. citric acid - sodium citrate, 
citric acid - potassium citrate* potassium dihydrogenci- 
trate - sodium' hydroxide,, sodium dihydrogencitrate - . 
sodium hydroxide, sodium hydrogenmaleate - sodium 55 
hydroxide, potassium hydrpgenphthalate . - sodium . 
hydroxide, ~ succinic add r; siodium\tetraborate, maleic ,. 
acid - tris(hydrdxyrhethyi)aminomethane. 

tris(hydroxymethyl) ami nom ethane - tris(hydroxyme- 
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thyl)aminomethane hydrochloride, [N-(2-hydroxye- 
thyl)piperazine-N*-2-ethanesulfonic acid]-sodium 
hydroxide. , [N-tris(hydroxymethyl)methyl-2-ami- 
noethanesurfonic acid] - sodium hydroxide, and [pipera- 
zine-N.N*-bis(2-ethanesulfonic acid)] - sodium 
hydroxide. 

The reaction layer can be formed by dropping on a 
substrate a solution including at least the enzyme and 
more preferably further including the electron acceptor 
and drying the dropped solution. * - ■ 

When the reaction layer is formed, with the first 
hydrophilic . polymer layer and the second layer that 
includes the enzyme and the electron acceptor and is 
laminated on the first layer, the second layer can be 
formed by, for example, dropping a mixed solution of the , 
enzyme and the electron acceptor on the first layer.. 

The thus-formed biosensor can be removably con- 
nected to a measuring device A shown in Figure 1 or 2. 

. Referring to Figures. 1 and 2, the biosensor B 
includes an, electrode system, formed on a substrate 
including a working electrode 5, a counter electrode 8 
and a third electrode 7 used for detecting a liquid, junc- 
tion. The working electrode 5 is connected to a terminal 
2a via a lead 2. The counter electrode 8 is connected to 
a terminal 4a via a lead 4., The third electrode 7 is con- 
nected to a terminal 3a via a lead 3. The measuring- 
device A shown in Figure 1 includes a connector 25 
having terminals 31 . 32 and 33 which can be connected 
to the respective terminals 2a, 3a and 4a of the biosen- 
sor B, current/voltage converting circuits 26 connected 
to the terminal 32 of the connector 25.. A/D converting 
circuits 27 connected to the respective currenWoltage 
converting circuits 26, current/voltage converting cir- 
cuits 26a which can be connected to the terminal 31 via 
a switch 29, A/D converting circuits, 27a connected to 
the respective. currenWoltage converting circuits 26a. 
and a controller 28 including a microcomputer and the 
like connected to the respective A/D converting circuits 
, 27 and 27a. The above-mentioned switch 29 is ON/OFF 
controlled by the controller 28. 

An operation of a circuit including the biosensor B 
and : the measuring .device A of Figure 1 will be 
described*. 

First, the biosensor B is connected to the measur- 
ing device A. At this time, the switch 29 is disconnected 
from the terminal 31 by the controller 28. On the other 
hand, a predetermined voltage (e.g., 0.5 volts) is 
applied between the counter electrode 8 and the third 
electrode 7. When. a sample liquid is supplied to the bio- 
sensor, B under this condition, a current flows between 
the counter electrode 8 and the third electrode 7. The 
value of this .current is detected by the controller 28.. 
Based on this detection, a time is measured. After a pre- 
determined period of time, the switch 29 is switched to _ 
the terminal 31 arwJ a predetermined voltage (e g.. 0,5 
volts) is applied to the working electrode 5 using at least 
the third electrode as a reference. For ^example, a. fixed 
voltage (e.g., 0.5 volts) rkjuirecf„ for citaining a/ 
response current is applied between the working elec- 
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trode 5 and the counter electrode 8 and the third elec- 
trode 7; A current thus flowing between the working 
electrode 5 and the counter electrode 8 is converted 
into a voltage by the current/voltage converting circuits 
26a. and the obtained voltage value is converted into 5 
the number of pulses in a fixed period of time by the A/D 
converting circuits 27a. The controller 28 counts up the 
number of the pulses, calculates a response value, and 
indicates the result. 

Therefore, when a sample liquid including a sub- n 
strate (for example, a saccharide) is supplied to the bio- 
sensor B, the reaction layer is dissolved in the sample 
liquid. After a predetermined period of time from the 
supply of the sample liquid, a fixed voltage is applied 
between the working electrode 5 and the counter elec- n 
trode 8. Then, after si predetermined period of time, a 
current value of a current flowing through the electrodes 
is measured. The obtained current value is in proportion 
to the concentration of the substrate in the sample 'liq- 
uid. A large number of current values are previously 20 
measured with regard to a plurality of sample liquids 
including the substrate at various known concentrations 
so as to obtain the relationship between the concentra- 
tion and the current value. Then, the substrate con- 
tained in a sample liquid at an unknown concentration 25 
can be quantified by measuring a current value as 
described above. 

In such a quantifying method in which the change of 
the concentration of a substrate caused through the 
reaction between an enzyme and the substrate in a 30 
sample liquid is measured based upon an electrochem- 
ical response obtained by applying a voltage to the 
working electrode 5, when the third electrode 7 is used, 
as a reference electrode, in addition to the working elec- 
trode 5 and the counter electrode 8, the deviation of a 35 
reference potential can be substantially ignored. 

Furthermore, when the third electrode 7 is used for 
detecting a liquid junction, even though there is ho need 
to apply a voltage between the working electrode 5 and 
the counter electrode 8 for the detection of the liquid ao 
junction as is conventionally applied, the supply of the 
sample liquid can be detected without fail. Furthermore, 
when the third electrode 7 is commonly used as a refer- 
ence electrode and a liquid junction detecting electrode, 
the structure of the electrode system can be simplif ied. its 

The measuring device A shown in Figure 2 includes 
a connector 25 having terminals 31, 32 and 33 con- 
nected to the respective terminals 2a, 3a and 4a of the ' 
biosensor B, current/voltage converting circuits 26 con- 
nected to the respective terminals 31 or 32 of the con- so 
nectbr 25 via a switch 29, A/D converting circuits 27 
connected to the respective currentA^bltage converting 
circuits 26. a controller 28 including a microcomputer' 
and the like connected to the respective A/D converting 0 
circuits 27. The above-mentioned switch 29 is ON/OFF 55 
controlled by the controller 28. 

Ah operation tif a circuit including the biosensor B 
and the measuring device" A of Figure 2 'will be ; 
described. ^ * ^ -■ 



First, the biosensor B is connected to the measur- 
ing device A. At this time, the switch 29 is connected to 
the terminal 32 by the controller 28. A predetermined 
voltage (e.g., 0.5 volts) is applied between the counter 
electrode 8 and the third electrode 7 When a sample 
liquid is supplied to the biosensor B under this condi- 
tion, a current flows between the counter electrode 8 
and the third electrode 7. The value of this current is 
detected by the controller 28. Based on this'detection. a 
time is measured. After a predetermined period of time, 
the switch 29 is switched to the terminal 31 and a prede- 
termined voltage (e.g.. 0.5 volts) is applied to the work- 
ing electrode 5. A fixed voltage (e.g., 0.5 volts) required 
for obtaining a response current is applied between the 
working electrode 5 and the counter electrode 8 and the 1 ' 
third electrode 7 of the biosensor B. ; 

A current thus flowing between the working elec- 
trode 5 and the counter electrode 8 is converted into a ' 
voltage by the current/voltage ^ converting circuits 26, 
and the obtained voltage value fe r converted into the 
number of pulses in a fixed period of time by the A/D 
converting circuits 27. The controller 28 counts" up the 
number of the pulses, calculates a response value, and 
indicates the result. 

The measuring device A shown in Figure 1 requires 
the current/voltage converting circuits 26 and 26a, and 
the A/D converting circuits 27 and 27a, respectively for 
the working electrode 5 and the counter electrode 8. In 
the measuring device A shown in Figure 2, the cur- 
rent/voltage converting circuits 26 and the A/b convert- 
ing circuits 27 can be commonly used for the working 
electrode 5 and the counter electrode 8. 

According to this invention, saccharides in fruits 
and saccharides in blood, lymph, urine, and saliva can 
be quantified. The biosensor which can be used in this 
invention includes, for example, a fructose sensor, a 
sucrbse sensor, a glucose sensor, an alcohol, sensor, a 
lactic acid sensor, a cholesterol sensor and an amino 
add sensor. 

Examples . ' v * " v 

Throughout the drawings mentioned in the following , 
description, the same element has a, common reference 
numeral, and the description is omitted, as bccasion 
demands. " ' ' : ; " ' •'■" r "' 

Exaimole 1 - J ' r 

In this example, a method for quantifying glucose . 
will be described. A glucose sensor shown in Hgure 3 '* 
was used. Figure 3 is ah exploded, perspective view of/a 
glucose sensor from which a reaction layer is removed 
The glucose sensor includes an insulating substrate 1 
made of polyethylene terephthalate! a coyer; 9, and a 
spacer 1 p sandwiched between the subistfatell ,and the! 
cover 9. The substrate i , the spacer 10 and trre cover 9 ! 
are adhered to one another in the positional relationship - 
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as is shown with broken lines in Figure 3, thereby form- 
ing the glucose sensor. 

. A sample supply port 1 1 is formed in the spacer 1 0. 
and an air port 12 is formed in the cover 9. When the 
cover 9 is adhered to the substrate 1 with the spacer 10 5 
interposed therebetween, the substrate 1, the spacer 
1 0 and the cover 9 form a space (not shown) communi- 
cated with the sample supply port 11. and the end por- 
tion of the space is communicated with the air port 12. 

As shown in Figure 4. on the substrate 1 are formed io 
a working electrode 5. a third electrode 7, a counter 
electrode 8, and leads 2. 3 and 4 electrically connected 
to these electrodes, respectively. The counter electrode. 
8 includes a substantially C-shaped main electrode por- 
tion and an opening 2-1 formed in. the main, electrode is 
portion. The lead 2 connecated to the working electrode 
5 is led from the inside, to the outside of the counter 
electrode 8 through the opening 21 . 

.The third electrode 7 is positioned farther from an 
inlet 1 1 a of the sample supply port 1 1 than the working 20 
electrode 8. Over the electrode system excluding the 
third electrode 7 (i.e., the working electrode 5 and the 
counter electrode 8) is formed a reaction layer (not . 
shown). A reference numeral 6 in Figure 1 denotes an 
insulating layer *. 25 

Jhe working electrode 5, the counter electrode 8 
and the third electrode 7 are exposed to the above-men- 
tioned space. 

This glucose sensor was manufactured as follows: 

Silver paste was printed by screen printing on the 30 
insulating substrate 1 made of polyethylene terephtha- 
late, thereby forming the leads 2, 3 and 4. Then, con- 
ductive carbon paste including a resin binder was 
printed on the substrate 1 , thereby forming the working 
electrode 5 and the counter electrode fit. The working. 35 
electrode 5 in contact with the lead 2, while the coun- 
ter^electrpde '.8 is in contact with the„lead4. 

Next, insulating paste was printed on the resultant 
substrate 1 , thereby forming the insulating layer 6. The 
insulating layer 6 covered the peripheral of the working 40 
electrode 5. so as to expose a fixed area of the working . 
electrode 5. Theinsulating layer 6 also covered part of 
the leads 2, 3 and 4. TTie third electrode 7 was formecf 
by exposing an end of the lead 3. „ . /•• . 

Then^ 1 conductive carbon paste including a, resin as 
binder was printed on the resultant substrate 1 , thereby 
forming the counter electrode 8 so as to be in contact 
with the lead 4. 

Next an aqueous solution of CMC was dropped on 
the electrode system excluding the third electrode 7 so 
(i.e.. the working electrode 5 arid the counter electrode 
8) to be dried, thereby forming a CMC layer. Further- 
more, an aqueous solution including GOD as an 
enzyme arid potassium ferricyanide as an electron 
acceptor was dropped on the electrode system exclud- 55 
ing the third electrode 7 (i.e', the working electrode 5 
and the cbunter electrode 8) to be dried. Thus, the reac- ' 
t ion layer was formed. 



In order to attain a smoother supply of a sample liq- 
uid to the reaction layer, an organic solvent solution of 
lecithin (for example, a, toluene solution) was spread 
from the inlet 1 1 a of the sample supply port 1 1 over the 
entire reaction layer to be dried, thereby forming a leci- 
thin layer. After this, the substrate 1 , the coyer 9 and the 
spacer. 10 were adhered to one another as is shown 
with the broken lines in Figure 1 . The glucose sensor 
was thus manufactured. 

The glucose sensor B was then connected to the 
measuring device A having a circuit shown in Figure 5. : 

The. glucose sensor B includes the electrode sys- 
tem formed on the substrate 1 having the working elec-. 
trode 5, the counter electrode 8, and the third electrode 
7 used for detecting a liquid junction. The working elec- 
trode 5 is .connected to a terminal 2a via a lead 2. The 
counter electrode 8 is connected to a terminal 4a via a 
lead 4. The third electrode 7 is connected to a terminal 
3a. via aiead 3. - . . : . : 

The measuring device A includes a connector 14 
haying terminals 16 and 15ahd a grounding terminal 17 
connected to the terminals 2a, 3a, and 4a of the glucose 
sensor, respectively, a current detection portion .18 con- 
, nected to the terminal .15 of the connector 14. an A/D. 
converting circuit 19 which can be connected to the ter- 
minal 16 via a switch 13, and a controller 20 composed, 
of a microcomputer and the like. 

The terminal 3a is applied with a fixed voltage. 
Accordingly, when a sample liquid is supplied to the glu- 
cose sensor B, the current detection portion 18 detects 
a current flowing through the electrode 7, so as to acti- 
vate a system for detecting the supply of the sample liq- 
uid. Then, a measurement timer is, started via /the 
controller 20. . 

After a predetermined period of time has passed, 
for example, after 55 seconds, the switch 13 is switched 
by a signal from the controller 20 so as to connect the 
terminal 16 to the A/D converting circuit 19. Thus, a 
fixed voltage required for obtaining a response current 
is applied between the working electrode 5 and the 
counter el^rode 8 and the third electrode 7 of the glu-r 
cose sensor B f The current flowing between the work- 
ing electrode 5 and the counter electrode 8 is converted . 
into a voltage. The obtained voltage value is in turn con- 
verted into the number of pulses in a fixed period of time 
by the! A/D converting circuit 19. The controller 20 
counts the number of pulses, calculates a response 
value, and indicates the result. . 

The glucose sensor was, supplied with 3 \i I of an 
aqueous solution of glucose as a sample liquid through 
the sampje supply port .1.1. The sample liquid reached-, 
the air port 1 2 through the space, and the reaction layer 
on the electrode system, was dissolved therein. 

Simultaneously with the supply.of the sample liquid, 
a system for detecting the supply of a. sample liquid 
based on the change of .a resistance value between the 
counter electrode 8 and the thirdj el.ectrode 7. was oper- 
ated, thereby actuating the measurement timer. After 55 - 
seconds, a desired potential on the basis of the poten- 
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tial at the third electrode 7 was applied to the working 
electrode 5; and after 5 seconds, a current value was 
measured. A reaction is effected among ferricyanide 
ions, glucose and'GOD in the sample liquid, resulting in 
the oxidation of glucose into glucono lactone and reduc- 5 
tion of the ferricyanide ions into ferrocyanide ions. A cur- 
rent response can be obtained by oxidizing the 
ferrocyanide ions. In this manner, a current value 
depending upon the concentration of glucose in the 
sample liquid was obtained. 10 

In this example, the case where the reaction layer is 
not formed over the third electrode 7 is described, but 
also when a reaction layer was formed over the third 
electrode 7, the same result was obtained. 

Furthermore, the biosensor with the cover 9 is 15 
described in this example, but also when a biosensor 
without the cover 9 was used, a sensor response 
depending upon the concentration of glucose was 
obtained. 



Example 2 



20 



The electrode system of a glucose sensor used in 
this example is shown in Figure 6. 

In this glucose sensor, a peripheral portion, which is 25 
farther from a sample supply port 11, of a substantially 
C -shaped counter electrode 8 formed on a substrate 1 
is opened to provide ain electrode receiving portion 22. 
A third electrode 7 is provided within the electrode 
receiving portion 22. A reaction layer is formed over not 30 
only a working electrode 5 and the counter electrode 8 
but also over the third electrode 7. The configuration of 
this glucose sensor is substantially identical to that of 
Example 1 except for the above. 

The glucose sensor was manufactured in the same 35 
manner as in Example 1 except that the reaction layer 
was formed over the third electrode 7 as well as over the 
working electrode 5 and the counter electrode 8. 

The glucose sensor was supplied with 3 ji I of an 
aqueous solution of glucose as a sample liquid through 40 
the sample supply port 11. and a response current 
value was measured in the same manner as in Example 
1. As a result, a current response depending upon the 
concentration of glucose in the sample liquid was 
obtained as in Example 1. 45 

In the glucose sensor of this example, the third 
electrode 7 is formed in the electrode receiving portion 
22 provided to the counter electrode 8. and hence, the 
reaction layer can be easily formed over the third elec- 
trode 7. Furthermore, a distance between the working so 
electrode 8 and the third electrode 7 is decreased, 
resulting in reducing the effect of a voltage decrease in 
the application of the potential. ~ 



Example 3 ; : ■ 

The electrode system of a glucose sensor used in 
this example is shown in Figure 7. 



55 



In this glucose sensor, a peripheral portion, which is 
nearer to a sample supply port 11 , of a substantially C- 
shaped counter electrode 8 formed on a substrate 1 1 is 
opened to provide an electrode receiving portion 22. A 
third electrode 7 is provided within the electrode receiv- 
ing portion 22. A reaction layer is formed over not only a 
working electrode 5 and the counter electrode 8 but also 
the third electrode 7. The configuration of this glucose 
sensor is substantially identical to that of Example 1 
except for the above. 

The glucose sensor was manufactured in the same 
manner as in Example 1 except that the reaction layer 
was formed over the third electrode 7 as well as over the 
working electrode 5 and the counter electrode 8. 

The glucose sensor was provided with 3 |i l ot an 
aqueous solution of glucose as a sample liquid through 
the sample supply port 1 1, arKf a response current 
value was measured in the same manner as in Example 
1. As a result, a current response depending upon the 
concentration of glucose in the Sample liquid was 
obtained as in Example 1. 

Furthermore, in the jglucose sensor of this example, 
since the third electrode 7 is formed nearer to the sam- 
ple supply port 1 1 on the substrate 1 . the third electrode 
7 can be soaked with the supplied sample liquid without 
fail. Therefore, when the third electrode 7 is used as a 
reference electrode, a reference potential is more stabi- 
lized, resulting in less deviation of the response values. 

Example 4 

The electrode system of a glucose sensor used in 
this example is shown in Figure 8. 

In this glucose sensor, a substantially C-shaped 
counter electrode 8 is provided on a substrate 1; arid a 
working electrode 5 is provided inside of the counter 
electrode 8. A third electrode 7 is formed in. a substantial 
C-shape within a space 23 between the yrorking elec- 
trode 5 and the counter electrode 8. A reaction layer is 
formed over not only the working electrode 5 and the 
counter electrode 8 but also the third ele<^<xde 7. The 
configuration of this glucose sensor is substantially 
identical to that of Example 1 except for the abovfe 

The glucose sensor was manufactured as follows: 

Silver paste was printed on the insulating substrate 
1 made of polyethylene terephthatete by isicre^i print- 
ing, thereby forming leads 2, 3 and 4. then, conductive 
carbon paste including a resin binder was printed on the 
substrate 1 , thereby forming the working electrode 1 5 
and the third electrode 7, so that the working electrode 
5 be in contact with the lead 2 and the third electrode 7 
be in contact wrth the l€iad 3. 

Next, insulating paste was printed on the resultant 
substrate 1, thereby forming an insulating layer 6. The 
insulating layer 6 covered the peripherals of the working 
electrode 5 and the third electrode 7, 'thereby exposing 
fixed areas of trie working electrode 5 and the third elec- 
trode 7. Furthermore, the insulating layec 6 covered part 
of the leads 2. 3 and 4. 
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Then, conductive carbon paste including a resin 
binder was printed on the resultant substrate 1 , thereby 
forming the counter electrode 8 so as to be in contact 
with the lead 4. 

The manufacturing procedures thereafter were 5 
identical to those in Example 1 , and the glucose sensor 
was thus manufactured. 

The glucose sensor was supplied with 3 p I of an 
aqueous solution of glucose as a sample liquid through 
the sample supply port. 11, and a response current w 
value was measured in the same manner as in Example 
1. As a result, a current response depending upon the 
concentration of glucose in. the sample liquid was 
obtained as in Example 1 . 

Furthermore, in the glucose sensor of this example, is 
since the third electrode 7 is formed at the peripheral of 
the.working electrode 5, the potential application to the 
working electrode 5 can be more stabilized in using the 
third electrode 7 as a reference electrode. As a resujt.. 
the sensor response characteristic is improved... . . 20 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the scope. and spirit of this invention. 
Accordingly, it is not intended that the scope of the. 
claims appended hereto be limited to the description as 2s 
set forth herein, but rather that the claims be broadly 
construed.. 

Claims 

30 

1. A method for quantifying a substrate in a sample 
liquid by use of a biosensor, the biosensor capable 
of quantifying the substrate by electrochemical ly 
_ measuring an amount of an electron acceptor that 
has been reduced by electrons generated jn a reac- 35 
tion between the substrate in the sample liquid and , 
an 1 oxidoreductase, the biosensor comprising: 
\ an [.electrically insulating substrate; 

an electrode system formed on the substrate 
. including a working electrode, a counter electrode, <o 
and, a third electrode used for detecting a liquid 
junction; and , . . . - 

. . ' a reaction layer that is formed over at least 
the working electrode and the counter, electrode of 
the electrode system and includes the oxidoreduct- >45 
ase, the^metfiod comprising the steps of: 

V . ?i>plying a voltage between the counter elec- 
trode and the third electrode; \ 

supplying the sample liquid to the reaction 
layer;, ' .. , , . ..... so 

detecting an electrical ^change between the 
counter electrode and the third electrode generated 
by the supply of the sample liquid to the reaction 
layer; " . J ' 

applyfng a voltage to the working electrode 55 
after jthe detection using at least the third electrode . 
as a reference; and v * . V . ' 

measuring a current generated between the. 
working electrode and the counter electrode. 



2. A method according to claim 1 , wherein the step of 
applying a voltage to the working electrode com- 
prises a step of applying a voltage between the 
working electrode and the counter electrode and 
the third electrode. 

3. A method according to claim 1 , 

wherein the counter electrode includes a 
main electrode portion formed in substantially a re- 
shape in a plane view and an opening formed in the 
main electrode portion, 

the working electrode is disposed inside of 
the counter electrode so as to be electrically insu- ; 
lated from each other, and 

a lead connected to the working electrode is 
led from the inside to the outside of the counter 
electrode through the opening. 

4. A method according to claim 3, 

wherein a peripheral portion of the counter 
electrode is opened to provide an electrode receiv- 
. ing portion, and 7 ' : ■ 

the third electrode is disposed within the 
. electrode receiving portion. 

5. A method according to claim 4, 

. wherein the third electrode is disposed far- 
ther from a sample supply port than the working 
electrode and the counter electrode, so that a sam- 
ple liquid supplied through the sample supply port 
reaches the third electrode after reaching the work- . 
ing electrode and the counter electrode. 

6. A method according to claim 4, , / 

wherein the third electrode is disposed 
\ nearer to a . sample supply port than the working . 

electrode, so that a sample liquid supplied through 
. the sample supply port reaches the third electrode 
before reaching the wording electrode and the 
counter .electrode.-. 

7. A method according to claim 1 , 

. ( . wherein the counter electrode includes a 
main electrode portion formed in substantially, a C- 
shape in a plane view and an opening formed in the 
main electrode portion, 

. ' the working electrode is disposed inside of < 
the counter electrode so as to be electrically insu- 
lated from each other, 

. , a lead connected to the working electrode is 
led from the inside to the outside , of the counter 
electrode through the opening, and 

the third electrode is disposed between the 
counter electrode and the working electrode so as 
to be electrically insulated from one another. 

8. A device for quantifying a substrate in a ^ample Jiqr . 
uid comprising a biosensor antfa- measuring device 
to which the biosensor is removably connected, the 
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biosensor capable of quantifying the substrate by 
electrochemical ly measuring an amount of an elec- 
tron acceptor that has been reduced by electrons 
generated in a reaction between the substrate in 
the sample liquid and an oxidoreductase, the bio- 5 
sensor comprising: 

an electrically insulating substrate; 

an electrode system formed on the substrate 
including a working electrode, a counter electrode 
and a third electrode used for detecting a liquid 10 
junction; and 

a reaction layer that is formed over at least 
the working electrode and the counter electrode of 
the electrode system and includes the oxidoreduct- 
ase, the device comprising: . y5 

means for detecting an electrical change 
between the counter electrode and the third elec- 
trode generated by the supply of the sample liquid 
to the reaction layer; 

means for applying a voltage to the working 2 o 
electrode after the detection using at least the third 
electrode as a reference; and 

rfieans for measuring a current flowing, 
between the working electrode and the counter 
electrode. 



13. A device according to claim 1 1 , 

wherein the third electrode is disposed 
nearer to a sample supply port than the working 
electrode, so that a sample liquid supplied through 
the sample supply port reaches the third electrode 
before reaching the working electrode. 

14. A device according to claim 8, 

wherein the counter electrode includes a 
main electrode portion formed in substantially a C- 
shape in a plane view and an opening formed in the 
main electrode portion, 

the working electrode is disposed inside of 
the counter electrode so as to be electrically insu- 
lated from each other, 

a lead connected to the working electrode is 
led from the inside to the outside of the counter 
electrode through the opening, and 

the third electrode is disposed between the 
counter electrode and the working electrode so as 
to be electrically insulated from one another.: 



A device according to claim 8. 

wherein the means for applying a voltage to 
the working electrode comprises means for apply- 
ing a voltage across the working electrode and the 30 
counter electrode and the third electrode. 



10. A device according to claim 8, 

wherein the counter electrode includes a 
main electrode portion formed in substantially a C- 35 
shape in a plane view and an opening formed in the 
main electrode portion, 

the working electrode is disposed inside of 
the counter electrode so as to be electrically insu- 
lated from each other, and 40 . 

a lead connected to the working electrode is 
led from the inside to the outside of the counter 
electrode through the opening. 

11. A device according to claim 8, 45 

wherein a peripheral portion of the counter 
electrode is opened to provide an electrode receiv- 
ing portion, and I 

the third electrode is disposed within the 
electrode receiving portion. so 

12. A device according to claim 1 1 , 

wherein the third electrode' is disposed far- 
ther from a sample supply port than the working 
electrode and the counter electrode, so that a sam- 55 
pie liquid supplied through the sample supply port 
reaches th third electrode after reaching the work- 
ing electrode and the counter electrode. 
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